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The present invention relates to esterification techniques 
and, more particularly, to improved esterification pro- 
cedures involving the use of unique catalytic materials. 

Ester interchange reactions are well know in the art 
and, generally speaking, comprise the reaction of an ester 
with another compound to form an ester different from 
the reactant ester. Such reactions have been referred to 
by various names including, though not restricted to, 
trans-esterification, ester exchange, re-esterification, etc. 

Basically, there are three types of reactions falling with- 
in the above-mentioned category, the first -being a straight 
trans-esterification involving the interaction of two differ- 
ent esters, the second involving the reaction between an 
ester and an alcohol (alcoholysis) and the third being the 
reaction between an ester and an acid (acidolysis) . These 
reactions, all of which are equilibrium reactions, may be 
illustrated in equation form as follows: 

Trans-esterification : 

RCOOR 1 -h R 2 COOR3-> RCOOR3 -f R^COOR 1 ' 
Alcoholysis: 

RCOORi4-R20H-» RCOORS-f-RiOH 
Acidolysis: 

RCOORi+R2COOH^R2COORi+RCOOH 
In the past, ester interchange reactions as set forth 
above have had many practical uses and, in fact, have 
provided an important approach to the synthesis of a 
variety of useful products. For example, such reactions 
have been used for the molecular re-arrangement of gly- 
cerol esters with mixtures of fatty acids, . for effecting 
ester-ester interchange between aromatic carboxylic acid 
esters of monohydric alcohols '(e.g., dimethyl phthalate) 
and low or high molecular weight aliphatic carboxylic acid 
esters of polyhydric alcohols such as glycerol (triacetin, 
trilinolein), etc. One significant limitation on the versa- 
tility of such ester exchange techniques has been, however;" 
the nature of the particular catalyst utilized in the reac- 
tion. For example, many of the prior art catalysts have 
been acids or bases which have been unsatisfactory with 
certain compounds with which they react. Other com- 
pounds, less reactive, have often presented difficult sep- 
aration problems. Still other catalysts have been short 
lived and, due to their nature, have not been, readily 
regenerated. 

In accordance with the present invention, it has now 
been discovered that ester exchange reactions as set forth 
above may be carried out extremely satisfactorily and . 
economically hy means of a unique class of catalytic 
materials, namely solid porous crystalline aluminosilicate 
zeolites. Such catalysts are not only effective for carrying 
out the. ester exchange reactions set forth with, high reac- 
tion rates and excellent yield but increase the commercial 
feasibility of the reaction since such crystalline alum in o- 
silicates have extremely long life and may be readUy re- 
generated for re-use. 

It is accordingly a primary object of the present inven- 
tion to provide a novel technique for conducting ester 
exchange reactions. 

It is a further object of the present invention to provide 
a novel technique of carrying out an ester exchange reac- 
tion 'by means of solid porous crystalline aluminosilicate 
catalysts. 

It is still another important object of the present inven- 
tion to provide a novel method of carrying out ester ex- 
change techniques under particularly practicable reaction 



conditions through -the utilization of solid porous crys- 
talline aluminosilicate zeolite catalysts. 

It is a further important object of the present invention 
to catalytically promote the ester exchange reaction be- 
5 tween a plurality of esters, between an ester and an alcohol 
and between an ester and an acid by means of crystalline 
aluminosilicate zeolite catalysts. 

These and further important advantages and objects 
of the present invention will become more apparent upon 
10 reference to the ensuing description and appended claims. 
Zeolitic materials, both natural and synthetic, in natu- 
rally occurring and modified forms, have been demon- 
strated in the past to have catalytic capabilities for various 
types of hydrocarbon conversion and other reactions in- 
15 volving the synthesis or modification of various organic 
materials. Such zeolitic materials are ordered crystalline 
aluminosilicates having a definite crystalline structure 
within which there are passages, pores or cavities of defi- 
nite ranges of size. Since the dimensions of these pores are 
20 such as to accept for adsorption molecules of certain 
dimensions while rejecting those of larger dimensions, 
these materials have come to be known as "molecular 
sieves" and are utilized in a variety of ways to take advan- 
tage of these properties. 
25 The present invention, as aforesaid, involves the use of 
such zeolitic materials for the purpose of carrying out 
ester exchange reactions to form modified ester com- 
pounds under conditions which are extremely satisfactory 
for practical commercial operations and with surprisingly 
30 superior results. 

The ester exchange reactions which may be carried 
out in accordance with the present invention are any of 
those reactions equations for which have previously been 
set forth. In these equations, all of the "R" substituents, 
35 viz., R through R 3 , may vary quite widely as is well known 
to those skilled in the art of ester exchange. Merely by 
way of example, the "R" substituents may be aliphatic, 
cycloaliphatic, aromatic, alicyclie, etc. * 
Illustrative of alcohols which may be used are the 
40 monohydric alcohols, including low molecular weight al- 
cohols such as methyl, ethyl, propyl, butyl, allyi and 

j benzyl alcohols, dimethyl carbinol, methyl ethyl carbinol, --— 

diethyl carbinol, methyl hexyl carbinol, diallyl carbinol, 
menthol, trimethyl carbinol, dimethyl propyl carbinol, 
45 phenol and thymol. 

High molecular weight alcohols, such as those obtained . 
from the hydrolysis of lanolin to produce lanolin alco- 
hols, may also.be used. The sterols, which include chol- 
esterol, isocholesterol and the like, may be combined with 
50 certain acids to produce esters which have particular util- 
ity in the cosmetic industry. 

In addition to the above, polyhydric alcohols may also 
be used in the practice of the present invention. Exem- 
plary of such alcohols are ethylene glycol; 1,3-propyiene 
55 glycol; 1,2-butylene glycol; 2,2-dimethyl- 1,3 -propylene 
glycol; 1,12-octadecylene glycol; diethylene glycol; tri- 
ethylene glycol; hexylene glycol; glycerine; pentaerythritol; 
poly-3-chloro-l,2-propylene glycol; cyclopentylene glycol; 
sorbitol; triethanolamine; quercitol; etc. 
60 The alcohols usable in the practice of the present inven- 
tion may be saturated or unsaturated, with such unsatura- 
tion being olefinic or aromatic (or even acetylenic), and 
the alcohols may be either primary, secondary or tertiary. 
'For example, all of the butyl alcohols, including n-butyl, 
65 isobutyl, secondary butyl and tertiary butyl alcohols may 
be used. ■ 3 ' 

The acids usable in the acidolysis reaction of the pres- 
ent invention include both mono carboxylic and polycar- 
boxylic acids, both aliphatic and aromatic. Examples of 
70 usable acids are acetic; benzoic; butyric; heptanoic; 
formic; isobutyric; isovaleric; naphthoic; propionic; sal- 
icylic; valeric; acrylic; crotonic; hydrosorbic; undecylenic; 
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propiolic;: laurolenic; hydrOcinnamic; benzoylacetic; 
furoic; abietic;: :caproic; caprylic; capric; lauric,- pivalic; 
myristic;. palmitic; p-phenyl , benzoic; beta-naphthoic; 
stearic; oleic; -linoleic; linolenic; fumaric; maleic; malic; 
malonic; oxalic; phthalic; terephthalic; pyrotartaric; -suc- 
cinic; tartaric; glutaric;. adipic; pimeiic; suberic;, azaleic; 
sebacic; apocamphoric; diphenic;. .naphthalene- 1,2-dicar- 
boxylic; . furalmalonic; dilinoleic; citric; tricarb ally lie; 
aconitric; . trilinoleic; - hemimellitic; lactic;, mandelic; ric- 
inoleie; glycolic; hydracrylic; glyceric;, quinec; caffeic; 
tropic; meconic; arachidic; behenic; lignoceric; myristo- 
leic; palmitoleic; etc. 

The esters utilizable in the practice of the present in- 
vention may be : any. ester, be it aliphatic or aromatic, 
of a carboxylic acid, such as esters of any of the car- 
boxylic acids previously mentioned. 

The aluminosilicates useable as catalysts in accordance 
with the present invention include a wide variety of posi- 
tive ion-containing crystalline aluminosilicates, both natu- 
ral and synthetic. These aluminosilicates can be described 
as a rigid three-dimensional network of Si0 4 and AlO* 
tetrahedra in which • the tetrahedra are cross-linked by 
the sharing of oxygen atoms whereby the ratio of the 
totai. aluminum and silicon atoms, to oxygen atoms is 
1:2. The electrovalence of the tetrahedra containing alu^ 
minum is: balanced by the inclusion- in the crystal of a., 
cation, for example, an alkali metal or an alkaline earth 
metal cation. This equilibrium can be expressed by for- 
mula wherein, the ratio of Al 2 to the number of the: vari- 
ous cations, such as Ca, Sr, Na 2> K 2 or Li 2 , ,is equal to 
unity. One cation may. be exchanged either in entirety 
or partially by another cation utilizing ion exchange tech- 
niques -as discussed hereinbelow: By means of such; cation 
exchange, it is sometimes possible, or even . desirable, to. 
vary the ;size of the pores in the given aluminosilicate 
by suitable selection of me particular cation.. The spaces 
between the tetrahedra are occupied by molecules of water 
prior to dehydration. 

A description of zeolites of the type useable in the 
present invention is found in Patent 2,9.71,824, whose 
disclosure is . hereby : incorporated herein, by reference. 
These aluminosilicates have well-defined intra-cry stalline 
dimensions such that only reactant or product molecules 
of suitable size and. shape may be transported in either 
direction between the exterior phase and the interior of. 
_the crystalline zeolite. 

In their, hydrated" f orm, the aluminosilicates may be- 
represented by the formula: 

M 2 / n G: A1 2 0 3 : wSiOaiyHaO (I) 

wherein M is a cation which : balances the electrovalence 
of the tetrahedra, n represents the* valence of the . cation, 
. w : the moles of SiO^ and y the moles of H 2 Q, the removal • 
of which produces the characteristic open network. system. 
The cation may be any .one= or more of a number : of 
positive ions as aforesaid, .such ions being discussed : in : 
greater detail hereinafter; The parent zeolite is dehydrated : 
to actuate it for. use as a catalyst. Although the propor- 
tions of inorganic oxides in the silicates and :their spatial 
arrangement may vary, effecting, distinct properties in 
the aluminosilicates, the main characteristic of these ma- 
terials is their ability to undergo dehydration - without 
substantially affecting, the: Si0 4 and AIO4. framework. In 
this respect, this characteristic is: essential for obtaining, 
catalyst, compositions of high activity in accordance with 
the invention.^ 

Representative materials include a synthetic faujasite, 
designated . zeolite; X, which can be represented in terms 
of mole ratios of oxides as follows: 

1.0rt0.2M 2 / n O:Al2O3:2.5-±0.5SiO 2 :yH 2 O: i (II) 

wherein Mis a metal cation having a valence of not more 
than three;, n represents the -valence, of M, and y is .a 
value up to eight . depending on the identity .ol.M, and 
- degree of hydration of the crystal.. The sodium, form may 
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be represented in terms of mole ratios of oxides, as fol- 
lows: . 

0.9Na 3 O : A1 2 Q 3 : 2^SiO a : 6; 1 H 2 0 : : ■ (HI) 

Another synthesized crystalline aluminosilicate, . desig- 
nated zeolite A, can be . represented in. mole ratios of 
oxides as: 

1.0-±0.2M 2/n O:Al 2 O 3 :1.85=i=0:5SiO 3 :yH 2 O (IV) 

wherein M represents a metal cation,: n is the valence of 
M, and y is. any value up to about 6. As usually prepared, 
zeolite" A contains primarily sodium , cations and - is desig- 
nated sodium, zeolite A. 

Other . suitable synthesized . crystalline aluminosilicates 
are those designated zeolite Y, L and D.. 

The formula for zeolite Y (which is a synthetic fauja- 
site): expressed in oxide mole. ratios is: 

O^^O^NaaOiAlaOaivvSiGaiyHaO (V) 

wherein w is a value ranging from .3 "to 6 and y may be - 
any. value up to about 9. 

The composition of zeolite L in oxide mole ratios may 
be represented as: 

1.0±0.1M 2 > n O:Al 2 O 3 :6.4±:0.5SiO 2 :yH 2 O (VI) 

wherein M designates a metal cation,, n represents the. 
valence of. M, and.y is any value from 0 to 7. : 

The formula for zeolite D, in terms of oxide mole- 
ratios, . may be represented as : 

0:9=h0.2[>Na 2 O: (1— jc>K 2 0] : A1 2 0 3 : wSi0 2 :yH 2 0 

(VII) 

wherein x is:*a value of 0 to is from 4.5 to about 4.9 
and y, in the fully hydrate d form,- is about: 7. 

Other synthetic crystalline aluminosilicates which can 
3 5 be used include those designated as zeolite R, S, T, Z,: E, 
F, Q and B. 

The formula for zeolite R in terms of oxide mole ratios 
may be written as . follows : 

0.9±0.2Na 2 O:Al 2 P3:wSiO a :yH 2 O (VIII) 

wherein 1 w is from 2.45 to 3.65, and y, in the hydrated 
form, is about 1. 

The formula for zeolite S in terms of oxide mole ratios 
may be written as: 

0.9 i± 0.2Na 2 O : Al 2 03 : wSiO a : y H a O ( DC ) 

wherein w. is from 4.6 to 5.9 and y,. in the hydrated form,:. 

is about 6 to 7. "~ f 

The formula for zeolite T in terms of oxide mole ratios • 
may be written as: 

l.lz±Q.4*Na 2 0: (1— jr)K 2 O:Al 2 O 3 :6.9^:0.5SiO 2 :yH 2 O 

(X) 

wherein x is any value from; about D.l to about 0.8 and 
y is any value, from about 0 to about. 8. 

The formula for zeolite Z in terms of oxide mole, ratios, 
may be written as : « 

K 2 0:Al 2 0 3 :2Si0 2 :yH 2 0 (XI) 

wherein y is any value not exceeding. 3. 

The formula for zeolite E in terms of oxide mole ratios, 
may be written. as: 

0.9zt0;iM 2/n O:Al 2 O 3 :1.95tt:0.1SiO 2 :yH 2 O (XII) 

wherein M is a metal cation, n is the valence of the cation, 
and y is a value of 0 to 4. 

The formula for. zeolite F in terms of oxide mole ratios 
may be written as : 

0.95±:0,15M 2 _ n O: A1 2 0 3 :2.05 

±0.3SiO 2 :yH 2 O- (XIII) 

wherein M is a metal cation, n is the valence of the cation, 
y is any. value from 0 to about 3. . 

The formula for zeolite Q, expressed in terms of oxide 
mole ratios, may-be: written as : 

0.95 ±l O.OSM^O : A1 2 0 3 : 2 : 2 
75 =fc0.05SiO 2 :yH 2 O (XIV) 
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wherein M is a metal cation, n is the valence of the ca- ' • ' , r ,' v ^ ^ 

tion, and y is any value from 0 to 5. Na a O + [(C_-3) 4 N]_C) i to-2- 

The formula for zeolite B may be written in terms of Si °a ^ 
oxide mole ratios as : 

1.0d:0.2M 2/n O:Al 2 O 3 3.5±:1.5SiO 2 :yH 3 O (XV) 5 N^O + [(CH,)4N].0 25 to 50 

th^^ro M a mCtal Cation \ n is )^ ence of maintaining the mixture at a temperature of about 100" 

™_ffrom SE/ 3 aVCrage ^ ° f 5 ' 2 bUt may C ' to 120 ° C - untU * e are formed, and separating 

~. *u ' ^ * iv , • .,- . , , the. crystals from the mother liquor. The crystal material 

th^lJZJtT^ C II St ^% alummosihcates delude thereafter washed until the wash effluent has a pH 
those^signated as ZK-4 and ZK-5. u essentially that of wash water and subsequently dried. 

o^L Can represented m terms of mole rat "« of . ZK-5 is representative of another crystalline alumino- 

as * silicate which is prepared in the same manner as zeolite 

0.1 to 0.3R:0.7 to l:0M 2 / n O:Al 2 O 3 : ZK-4 except that N,N'-dimethyltriethyIenediammonium 
2.5 to 4.0SiO 2 :yH 2 O (XVI) 15 hydroxide is used in place . of tetramethylammonium hy- 

wherein R is a member selected from the group consisting W prepared from an aqueous sodium 

of methylammonium oxide, hydrogen oxide and mixture! S^^^^^^^^ 9 ^ 9 composition 

thereof with one another, M is a metal cation, n is the ex P ressed m term * of oxide mole ratios as: 

valence of the cation, and y is any value from about 3.5 Si0 2 /Al 2 0 3 2.5 to 11 
to about 5.5. As usually synthesized, zeolite ZK-4 con- 

tains primarily sodium cations and can be represented by Na. 2 Q : * 

unit cell formula: Na 2 0 + [(CH 2 )oN 2 (CH 3 )2lOH U "° t0 

7.5=t2Na:2±0.5H:9=fc2AlO 2 :15±:2SiO 2 (XVH) ; j H 2 Q 

The major lines of the X-ray diffraction pattern of 26 \" "NaaOH-[(CH a )«N,(CH,)JOH 25. to 50 

ZK-4 are set forth in Table 1 below: -nt o ; •. r/n-n- ^ tvt x 

. Na 2 Q -h [( CH 2 ) fl N 2 ( CH 3 ) 2 ] OH , A 0 
TABLE 1 1 to 2 

Value of reflection in A.: 100 I/I 0 -kt t^t' ^ : *t- , . ; , 

12 00 _____ ____ 100 30 ,N -dimetbyltriethylenediammomum hydroxide 

9 12 II""IIZZ"Z" 29 USed 111 P 1 *-*™* ZK-5 can be prepared by methylating 

8578 " I II I ____ ~ 73 l,4-diazabicyclo-(2.2.2)-octane with methyl iodide or 

7035 31 ™" " 52 dimethyl sulfate, followed by conversion to the hydroxide 

6 358 I _ j 5 ,*y treatment with silver oxide or barium hydroxide. The 

5.426 I "_I I ~ 23 35 reaction ma y ^ e illustrated as follows: 

4*262 III_II__II_IIIIIIIIIIIIIIIIIIIIIII~ 11 n 
4.062 49 

CHi CH, CHi 

IS? £ • - u A* a* + 2CH ' X — (xvin) 

3.254 41 40 ... ^_Jr^ 

2.950 54 ch_ 

2.725 10 - I 

2.663 7 ^ I \ 

2.593 15 CH, CHj CH: 

2.481 ... ^ 2 45 i H a An^ia + 2Ag ° H * ™ 

2.341 JIZZZ IIIIIIIIIIIIIIIIIIIIIIIIIII 2 1^ " 

2.225 : ; 2 CH,OH 

2.159 J. 4 * caoH 

2.121 5. 50 I 

2.085 2 _=<1\ 

2.061 _ 2 CH » 

2 033 ...:::::::::::::::::::::::::::::::: 5 • ■ • uu A__, +2AgI (XX) 

1.90 2 "Sr^" 

1.880 I ' 2 55 1 

1.828 1 CHjOH 

1 In usij ig the N^'-dimemyltriemylenediaxrmioniujtri 

\ !?Jt 1 hydroxide compound in the preparation of ZK-5, the hy- 

i 79n ~ • I droxide may be. employed per se, or further. treated with 

i 7n^ ; 60 a . source of silica, such as silica gel, and thereafter reacted 

\ Stt 1 with aqueous sodium aiuminate in a reaction mixture 

1 fiin ' 2 whose chemical composition corresponds to the above- 

?"<«i 1 noted oxide mole ratios. Upon heating at temperatures 

i <<_ ~ 2 of about 200 to 6 °0° C., the methyl ammonium ion is con- 

1.55? .- 1 65 verted to hydrogen ion. 

ZK-4 can be prepared by preparing an aqueous solu- . Q Ulte obviously, the above-listed molecular sieves are 

tion of oxides containing Na 2 0, A1 2 0 3 , SiO^ H a O and representative of the synthetic crystalline alumino- 

tetramethyl-ammonium ion having a composition, in silicate molecular sieve catalysts which may be used in 

terms of oxide mole ratios, which falls within the follow- accordance with the process of the present invention, the 

ing ranges: 70 particular enumeration of such sieves not being intended 

e-n/Ain o * + n to be exclusive. 

WAWs ^ 11 At the present time, two commercially available molec- 

Na 2 Q uIar sieves ar e those of the **A" series and of the "X" 

Na 2 0 -f- [( CH 3 ) 4 N1 2 0 0-5 to 2.5 series. A synthetic zeolite known as "Molecular Sieve 

75 4 A" is a crystalline sodium aluminosilicafe having an ef- 
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fective pore diameter, of about 4 Angstroms. In the : hy- 
drated form, this material is. chemically characterized by 
the formula: . - 

Na 12 (AI0 2 ) i a (Si0 3 ) 12 -27H a O- g 

The synthetic zeolite known as "Molecular. Sieve 5 A" is 
a crystalline : alurninosilicate salt having, an effective pore 
diameter of about. 5 Angstroms and in which substantially 
all of the 12; ions; of sodium in the. :immedaitely above 
formula are replaced by calcium, it being understood that 1Q 
calcium, replaces sodium in the ratio of one calcium ion 
for two sodium ions. A crystalline sodium aluminosilicate 
is; also available commercially under the name of. "Molec- 
ular Sieve 13X." The letter 4t X" is used to distinguish the ■ 
inter-atomic structure of this zeolite; from .that of : the "A" j 5 
crystal mentioned above. As initially prepared and before 
activation by dehydration, the 13X material contains wa-. 
ter. and has the: unit cell f ormula; - 

Na 86 [(AlO 2 ) S6 (SiO 2 ) 10 8] -267H2Q : 
The synthetic zeolite known as "Molecular Sieve 10X" is 
a crystalline, aluminosilicate salt in which a substantial 
proportion of the sodium ions, of the. 13X material have 
been replaced by calcium. 

Among the naturally occurring crystalline aluminOsili 1 ? 
cates which can: be employed for purposes of the inven- 
tion, the preferred aluminosilicates are those which; sorb- 
hydrocarbons above C3.. Exemplary of such alurriinosili-; 
cates are faujasite, heulandite, clinoptilolite, dachiardite, 
and aluminosilicates represented as follows*. . 

Chabazite Na 2 0 ♦ A1 2 0 3 -4Si0 2 • 6H 2 0 

Gmelinite - Na 2 0- Al 2 0 3 -4Si0 2 -6H 2 0 

Mordenite ^ Na2O-Al 2 O3-lOSiO3-6-6H 2 0 

Other aluminosilicates which can be used rare those re.-: 
suiting from rcaustic treatment of: various- .clays. 

Of the -clay materials, montmorillonite and. kaolin f am-, 
ilies are representative types which include the sub-ben- 
tonites, such as bentonite, and the. kaolins commonly 
identified as Dixie, McNamee,; Georgia and Florida clays 
in which the main mineral, constituent is halloysite, kao- 
linite, dickite, nacrite or anauxite. Such clays may. be used 
in the raw state as originally mined or initially subjected 
to calcination,; acid treatment or chemical modification.. 
In. order to render the clays suitable for use, however, the. 
clay material is treated with sodium hydroxide or potas- 
"sium hydroxide, preferably in admixture with a source of - 
silica, such as sand, silica gel or sodium silicate, and cal- 
cined at . temperatures ranging , from 230 Q F. to 1600°.- F. 
Following calcination, the fused material is crushed, dis- 
persed in water and digested in the resulting alkaline -solu- 
tion. During the digestion, materials with varying degrees 
of crystallihity are ': crystallized out . of solution. The . solid 
material is separated from the alkaline material and there- 
after washed and dried. The treatment can :be effected by 
reacting mixtures ; falling, within; the following weight 
ratios: 
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NaaO/clay (dry basis) _ 1.0-6.6 to 1 

Si0 2 /clay (dry basis) : 0.01-3.7 to 1 

H 2 0/Na 2 0 (mole ratio) - 35-180 to 1 

Molecular sieves are ordinarily prepared initially in .the . 
sodium form, of the crystal. The sodium ions in such form 
may,, as desired,, be exchanged for other cations, as will be 
described in greater detail below. . In . general • the -process . 
of preparation involves heating, in aqueous solution,, an 65 
appropriate mixture of oxides; or of materials whose chem-:. 
ical composition can : be completely represented as a mix- 
ture of oxides Na 2 Q, Al 2 O a ,- Si0 2 and H 2 0 at. a tempera^ 
ture of approximately 1 00 0 C. for periods : of . 1 5 minutes : 
to 90 hours or more. The product which crystallizes within 70 
this hot mixture is separated therefrom and water washed . 
untiL the.. water in equilibrium with : the. zeolite has a pH 
hi the range «of 9 to 12. After activating by heating until 
dehydration, is attained, the substance is ready for use. 



suitable; reagents for the source of silica include. silica sol,: 
silica gel, silicic acid or sodium silicate. Alumina can be 
supplied by utilizing activated . alumina, gamma alumina, = 
alpha alumina, aluminum trihydrate or sodium. aluminate. 
Sodium hydroxide is suitably, used as the source of the so-: 
dium ion and in. addition . contributes to the regulation of 
the pH. All reagents are preferably soluble in water. The 
reaction solution has a composition, expressed as mixtures 
of Oxides, within the following ranges: Si0 2 /Al 2 0 3 of 0.5 
to 2:5, Na 2 0/Si0 3 of 0.8 to .3.0 and H 2 0/Na 2 0 of 35 to 
200. A convenient and generally employed process :.of 
preparation involves preparing an aqueous solution of so- 
dium aluminate and sodium hydroxide and then adding 
with, stirring an aqueous, solution of sodium silicate. : 

The reaction mixture is. placed in a suitable vessel which 
is closed to . the atmosphere in order to avoid losses of 
water and the reagents are then heated for an appro- 
priate length of time. Adequate time must be used to allow 
fonrecrystallization of the first, amorphous precipitate that 
forms. While satisfactory crystallization may be. obtained . 
at temperatures from 21° C. to 150° C, the. pressure 
being atmospheric or : less - } corresponding to . the « equilib- 
rium : of the vapor pressure with the , mixture at the re- 
action temperature, crystallization is ordinarily carried 
out at about 100* C: As soon : as the zeolite crystals are 
completely formed they : retain their structure and it is 
not essential to main tain: the -tempera ture .of the reaction . 
any longer. in order to obtain a maximum yield of crystals. 
After formation, the crystalline zeolite is separated from 
30; the mother liquor, usually by filtration. The crystalline 
mass is then washed, preferably with salt-free water, while 
on the filter, until the wash water, -in equilibrium with the : 
zeolite,, reaches aipH of 9 to 12. The crystals are then . 
dried at: a temperature between 25* C. and il50° C. Ac- 
35 : tivation is attained upon dehydration, as for example at 
350° C. and: 1 mhi. pressure or at . 3 50° C. in a stream 
of dry air. 

It is- to be noted that the material; first : formed : on 
mixing the reactants is an amorphous precipitate which is, 
generally speaking, not catalytically active in the process » 
of the invention. It is : only after transformation of the 
amorphous precipitate to crystalline form, that the highly 
active catalyst described herein is obtained.: , 

Molecular sieves of the other series may be prepared 
in a similar manner, the composition of the reaction mix- 
ture being , varied to . obtain the desired ratios of ingre- _ 
dients for the particular sieve in question. 

The molecular, sieve catalysts: useable in the process of 
the present invention may be in the. sodium form as. afore* , 
said or may- contain other cations, including other me- 
tallic cations : and/or hydrogen. : In preparing the ;non-so- 
dium forms of the catalyst composition, the alumino- 
silicate-; can be contacted, with a nonaqueous .or: aqueous 
fluid medium comprising a gas, polar solvent . or water 
solution containing, the- desired, positive- ion. Where the 
aluminosilicate: is to contain: metal cations, the metal. ca- 
tions may be introduced by means. of a salt soluble in: 
the fluid medium. When the. aluminosilicate is to -contain, 
hydrogen ions, such hydrogen ions may be introduced by 
means of a hydrogen . ionTContaining fluid medium or a. 
fluid medium ^containing, ammonium ions capable, of conr 
version to hydrogen ;ions. 

In those. cases in. which the aluminosilicate is. to con-, 
tain both metal cations and hydrogen ions, the alumino- 
silicate may be treated with a fluid, medium containing 
both the metal salt and hydrogen ions or . ammonium ions 
capable; of conversion to. hydrogen ions. Alternatively, the 
aluminosilicate can be first. contacted with a fluid medium, 
containing a hydrogen ion or ammonium ion capable - of 
conversion to a hydrogen ion and then with a fluid me-, 
dium containing at. least one metallic salt* Similarly,, the 
aluminosilicate can be first contacted, with a fluid medium 
containing at least one metallic salt and then with a. fluid 
medium : containing a hydrogen ion or an ion -capable, of 
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For example, in the .preparation of sodium zeolite "A," 75 conversion to a hydrogen, ion or a . mixture of both.; 
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Water is the preferred medium for reasons of economy 
and ease of preparation in large scale operations involving 
continuous or batchwise treatment. Similarly, for this 
reason, organic solvents are less preferred but can be em- 
ployed providing the solvent permits ionization of the 
acid, . ammonium compound and metallic salt. Typical 
solvents include cyclic and acyclic ethers such as dioxane, 
tetrahydrofuran, ethyl ether, diethyl ether, diisopropyl 
ether, and the like; ketones such as acetone and methyl 
ethyl ketone; esters such as ethyl acetate, propyl acetate; 
alcohols such as ethanol, propanol, butanol, etc.; and mis- 
cellaneous solvents such as dimethylformamide, and the 
like. 

The hydrogen ion, metal cation or ammonium ion may 
be present in the fluid medium in an amount varying with- 
in wide limits dependent upon the pH value of the fluid 
medium. Where the aluminosilicate material has a molar 
ratio of silica to alumina greater than about 5.0, the fluid 
medium may contain a hydrogen ion, metal cation, am- 
monium ion, or a mixture thereof, equivalent to a pH 
value ranging from less than 1.0 up to a pH value of 
about 10.0. Within these limits, pH values for fluid media 
containing a metallic cation and/or an ammonium ion 
range from 4.0 to 10.0,. and are preferably between a pH 
value of 4.5 to 8.5. For fluid media containing a hydrogen 
ion alone or with a metallic cation, the pH values range 
from less than 1.6 up to about 7.0 and are preferably 
within the range of less than 3.0 up to 6.0. Where the 
molar ratio of the aluminosilicate is greater than about 
3.0 and less than about 5.0, the pH value for the fluid 
media containing a hydrogen ion or a metal cation ranges 
from 3.8 to 8.5. Where ammonium ions are employed, 
either alone or in combination with metallic cations, the 
pH value ranges from 4.5 to 9.5 and is preferably within 
the limit of 4.5 to 8.5. When the aluminosilicate material 
has a molar ratio of silica to alumina less than about 3.0, 
the preferred medium is a fluid medium containing an 
ammonium ion instead of a hydrogen ion. Thus, depend- 
ing upon the silica to alumina ratio, the pH value varies 
within rather wide limits. 

In carrying out the treatment with the fluid medium, 
the procedure employed comprises contacting the alumino- 
silicate with the desired fluid medium or media until such 
time as metallic cations originally present in the alumino- 
silicate are removed to the desired extent. Repeated use 
of fresh solutions of the entering ion is of value to secure 
more complete exchange. Effective treatment with the 
fluid medium to obtain a modified aluminosilicate having 
high catalystic activity will vary, of course, with the dura- 
tion of the treatment and temperature at which it is car- 
ried out. Elevated temperatures tend to hasten the speed 
of treatment whereas the duration thereof varies inversely, 
with the concentration of the ions in the fluid medium. 
In general, the temperatures employed range from below 
ambient room temperature of 24° C. up to temperatures 
below the decomposition temperature of the alumino- 
silicate. Following the fluid treatment, the treated alumino- 
silicate is washed with water, preferably distilled water, 
until the effluent wash water has a pH value of wash 
water, i.e., between about 5 and 81 The aluminosilicate 
material is thereafter analyzed for metallic ion content 
by methods well known in the art. Analysis also involves 
analyzing the effluent wash for anions obtained in the 
wash as a result of the treatment, as well as determination 
of and correction for anions that pass into the effluent 
wash from soluble substances or decomposition products 
of insoluble substances which are otherwise present in the 
aluminosilicate as impurities. The aluminosilicate is then 
dried and dehydrated. 

The actual procedure employed for carrying out the 
fluid treatment of the aluminosilicate may be accomplished 
in a batchwise or continuous method under atmospheric, 
subatmospheric or superatmospheric pressure. A solution 
of the ions of positive valence in the form of a molten 
material, vapor, aqueous or non-aqueous solution, may 75 
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be passed slowly through a fixed bed of the alumino- 
silicate. If desired, hydrothermal treatment or a corre- 
sponding non-aqueous ftreatment with polar solvents may 
. be effected by introducing the aluminosilicate and fluid 
6 medium into a closed vessel maintained under autog- 
enous pressure. Similarly, treatments involving fusion 
or vapor phase contact may be employed providing the 
melting point or vaporization temperature of the acid or 
ammonium compound is below the decomposition tern- 
Xo perature of the aluminosilicate. 

A wide variety of acidic compounds can be employed 
with facility as a source of hydrogen ions and include both 
inorganic and organic acids. 

Representative inorganic acids which can be employed 
15 include acids such as hydrochloric acid, hypochlorous 
acid, chloroplatinic acid, sulfuric acid, sulfurous acid, hy- 
drosulfuric acid, peroxydisulfonic acid (H^Os), peroxy- 
monosulfuric acid (H2SO5) dithionic acid (H^Os), sul- 
famic acid (H2NHS3H), amidodisulfdnic acid 

[NH(S0 3 H) 2 ], 

chlorosulfuric acid, thiocyanic acid, hyposulfurous acid 
(H 2 S 2 0 4 ), pyrosulfuric acid (H^ 2 0 7 ) t thiosulfuric acid 
(HaSaOa), nitrosulfonic acid (HSO3NO), hydroxylamine 
disulfonic acid C(HS0 3 ) 2 NOH], nitric acid, nitrous acid,, 
hyponitrous acid, carbonic acid and the like. 

Typical organic acids which find utility in the practice 
of the invention include the monocarboxylic, dicarboxylic 
and polycarboxylic acids which can be aliphatic, aromatic 
d0 or cycloaliphatic in nature. 

Representative aliphatic monocarboxylic, dicarboxylic 
and polycarboxylic acids include the saturated and un- 
saturated, substituted and unsubstituted acids such as 
formic acid, acetic acid, chloroacetic acid, dichloroacetic 
acid, trichloroacetic acid, bromoacetic acid, propionic 
acid, 2-bromopropionic acid, 3-bromopropionic acid, lac- 
tic acid, ni-butyric acid, isobutyric acid, crotonic acid, n- 
valeric acid, isovaleric acid, n-caproic acid, oenanthic 
acid, pelargonic acid, capric acid, undecyclic acidi lauric 
acid, myristic acid, palmitic acid, stearic acid, oxalic acid, 
malonic acid, succinic acid, glutaric acid, adipic acid, 
pimelic acid, suberic acid, azelaic acid, sebacic acid, alkyl- 
succinic acid, alkenylsuccinic acid, maleic acid, fumaric 
acid, itaconic acid, citraconic acid, mesasconic acid, glu- 
tonic acid, muconic acid, ethylidene malonic acid, isopro- 

pylidene malonic acid, allyl malonic acid. ~~ 

Representative armoatic and cycloaliphatic monocar- 
boxylic, dicarboxylic and polycarboxylic acids include 
1,2-cyclohexanedicarboxylic acid, 1,4-cyclohexane dicar- 
boxylic acid, 2-carboxy-2-methylcyclohexaneacetic acid, 
phthalic acid, isophthalic acid, terephthalic acid, 1,8-naph- 
thalenedicarboxylic acid, 1,2-naphthalenedicarboxylic 
acid, tetrahydrophthalic acid, 3-carboxy-cinnamic acid, hy- 
drocinnamic acid, pyrogaUic acid, benzoic acid, ortho, 
meta and para-methyl, hydroxy, chloro, bromo and nitro- 
substituted benzoic acids, phenylacetic acid, mandelic 
acid, benzylic acid, hippuric acid, benzenesulfonic acid, 
toluenesulfonic acid, methanesulfonic acid and the like. 

Other sources of hydrogen ions include carboxy poly- 
esters j prepared by the reaction of an excess of polycar- 
boxylic acid or an anhydride thereof and a polyhydric 
alcohol to provide pendant, carboxyl groups. 

Still other materials capable of providing hydrogen ions 
are ion . exchange resins having exchangeable hydrogen 
10ns attached to base resins comprising cross-linked 
resinous polymers of monovinyl aromatic monomers and 
polyvinyl compounds. These resins are well known ma- 
terials which are generally prepared by copolymerizing in 
the presence of a polymerization catalyst one or more 
monovinyl aromatic compounds, such as styrene, vinyl " 
toluene, vinyl xylene, with one or more divinyl aromatic 
compounds such as divinyl benzene, divinyl toluene di- 
vinyl xylene, divinyl naphthalene and divinyl acetylene. 
Following copolymerization, the resins are sulfonated to 
provide the hydrogen form of the resin. 
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Still another class of compounds which can be employed 
are ammonium : compounds which decompose to provide : 
hydrogen ions when . an aluminosilicate treated with . a 
solution of said ammonium compound is subjected to tem- 
peratures below : the decomposition temperature of.;the 5 
aluminosilicate. 

Representative ■ ammonium compounds which , can be 
employed include ammonium hydroxide, ammonium chlo- 
ride, ammonium bromide, ammonium iodide, ammonium : 
carbonate,, ammonium . bicarbonate, ammonium sulfate, 10 
ammonium . sulfide, . ammonium thiocyanate, ammonium 
dithiocarbamate, ammonium peroxysulfate,. ammonium 
acetate, ammonium tungstate, ammonium molybdate, am- 
monium benzo ate, . ammonium borate, ammonium .car- 
bamate, ammonium sesquicarbonate, : ammonium chloro- 15 
plumbate, ammonium citrate, ammonium dithionate, am-: 
moniuin fluoride, ammonium gallate, ammonium nitrate,, 
ammonium nitrite, ammonium formate, ammonium pro- 
pionate, ammonium: butyrate, ammonium valerate, am- . 
mohium lactate, ammonium maldnate,: ammonium oxa- 20 
late, ammonium palmitate,, . ammonium tartrate and. the. 
like.. Still other ammonium compounds which can be em- 
ployed include complex ammonium compounds such , as 
tetraethylammonium hydroxide 1 , trimethylammonium 
chloride: Other compounds which can be employed are 25 
nitrogen bases such as the salts of guanidirie,. pyridine,; 
quirioline, etc. 

A wide variety of metallic compounds can be employed 
with facility as. a source of metallic cations and include ., 
both inorganic and organic, salts of the metals of Groups 30 
I through VIII of the Periodic Table. 

Representative of .. the " salts which can be employed 
include chlorides, bromides, iodides, carbonates, bicar- 
bonates, : sulfates, sulfides i thiocyanates, dithiocarbamates, 
peroxysulfates > : acetates, beuzoates,- citrates, , fluorides, ni- 35 
trates,.- nitrites, formates, propionates, butyrates, valerates, 
lactates, malonates; oxalates, palmitates, hydroxides, tar- 
trates, and the like. The only limitation on the particular 
metal: salt or salts employed is that it be soluble; in the. 
fluid medium in which it is used. The preferred salts, are .40 
the chlorides; nitrates, acetates and sulfates. 

Rare earth salts, may be advantageously employed. 
Such salts can. either : be the salt: of a single metal, or, 
preferably, of mixtures of metals such as a rare earth chlo- 
ride, or didymium chlorides. . As hereinafter referred to, 45 . 
— a rare earth chloride- solution is a mixture of rare earth 
chlorides consisting essentially of the chlorides of lan- 
thanum, cerium, neodymium and praseodymium with 
minor amounts of samarium, gadolinium and yttrium.. 
The rare earth chloride, solution is . commercially available 6u 
and it contains, the chlorides of a rare earth mixture hav- 
ing the relative composition: cerium « (as CeO a ) 48% 
by weight; lanthanum (as La^O*;). 24% by weight; praseo- 
dymium (as. Pr 6 O n ) 5% .by weight; neodymium (as 
Nd 2 0 3 ) 17% by weight; samarium (as Sm 2 Q 3 ) 3% . by 55 
weight; gadolinium (as Gd 2 0 3 ) 2% by , weight; yttrium 
(as :Y 3 0 3 ) 0.2% by .weight; and other rare earth oxides 
0.8 % by weight didymium chloride is also a mixture of : 
rare earth chlorides, but .having a low cerium content. 
It consists of ;the following : rare . earths determined, as 60 
oxides: lanthanum, 45-46% by weight; cerium, 1-2% by . 
weight; . praseodymium, 9.10% by weight; neodymium, 
32-33% by weight; ; samarium, 5-6% by , weight; ga- 
dolinium, 3-4% by. weight; yttrium, 0.4% by weight; other 
rare earths, 1-2% by weight. It is to be understood that 65 . 
other mixtures of rare earths are equally applicable in the 
instant invention; . 

Representative . metal : salts which can be employed; 
aside from the mixture mentioned above, include silver ni^ 
trate, silver acetate, . silver arsenate, silver citrate, silver 70 
oxide, silver tartrate, : calcium acetate, calcium arsenate, 
calcium benzoate; calcium bromide,- calcium carbonate, 
calcium . chloride, calcium citrate^ beryllium : bromide, 
beryllium carbonate,, beryllium hydroxide^ beryllium sul T 
fate, barium, acetate, barium bromide- .barium carbonate, 75 



barium citrate,, barium :malonate, barium nitrite^ barium : . 
oxide, , barium sulfide, magnesium chloride, magnesium 
bromide, magnesium : sulfate, magnesium sulfide, mag- 
nesium acetate, magnesium formate,: magnesium stearate,; 
magnesium tartrate, manganese chloride, manganese sul- 
fate, manganese • acetate,, manganese carbonate; manga- 
nese formate, zinc sulfate, . zinc- nitrate,:, zinc acetate, zinc 
chloride, zinc . bromide, aluminum chloride, aluminum 
bromide,, aluminum acetate,: aluminum citrate, aluminum, 
nitrate,, aluminum oxide, aluminum phosphate, aluminum 
sulfate, titanium ..bromide, titanium chloride^ titanium = 
nitrate,. _ titanium : sulfate,: zirconium chloride, zirconium 
nitrate, zirconium sulfate, chromic acetate - t chromic chlo- 
ride, chromic, nitrate,, chromic sulfate, ferric chloride, fer- 
ric bromide, ferric acetate, ferrous chloride,. ferrous arse-, 
nate, ferrous lactate, ferrous sulfate, nickel chloride, nickel 
bromide, .cerous , acetate, cerous bromide, .cerous car-, 
bonate, cerous chloride, cerous: iodide, cerous sulfate,: 
cerous sulfide, lanthanum chloride; lanthanum bromide, 
lanthanum nitrate, lanthanum sulfate,, lanthanum, sulfide, , 
yttrium bromate, yttrium : bromide* yttrium chloride, yt- 
trium nitrate, yttrium sulfate, .samarium acetate, samar- 
ium chloride, samarium bromide, samarium sulfate, neo- 
dymium chloride,, neodymium oxide, neodymium sulfide, 
neodymium sulfate, praseodymium chloride,: praseodym- 
ium bromide, praseodymium sulfate, praseodymium 
sulfide, selenium - chloride, selenium bromide,: tellurium . 
chloride, tellurium bromide, etc. . 

The aluminosilicate catalysts, use able in connection with 
•the process of the present invention may be used in pow- 
dered, granular or. molded state formed into spheres or 1 
pellets of. finely divided particles, having a particle : size 
of 2 to 500 mesh. In cases where the catalyst is molded, 
such as by extrusion, the aluminosilicate may be extruded 
before . drying, ; or dried or partially dried and then ex- 
truded. The catalyst product is therr preferably precal- 
cined : in an inert atmosphere near the temperature com 
templated for conversion : but may, be calcined initially dur- 
ing use in. the conversion process. Generally, the . alumino- 
silicate. is dried between 150° F. and 600° F. and thereafter 
calcined . in air or an inert ■■ atmosphere of nitrogen, hy- 
drogen, helium, flue gas or other inert gas at temperatures 
ranging from about 500° F. to 1500° F. for periods of 
time ranging from 1 to 48 hours or more. 

The aluminosilicate catalysts prepared in the foregoing 
-manner may be. used as. catalysts per se or as intermediates _ 
in the preparation of further modified contact masses con- 
sisting of inert and/or catalytically active materials which 
otherwise serve as a -base,, support, carrier, . binder, matrix 
or promoter for the aluminosilicate. . One embodiment , of 
the invention is the. use of the- finely divided: alumino- 
silicate catalyst particles in a siliceous gel matrix wherein • 
the catalyst is present in such proportions that : the result- : 
ing product contains about. 2 to 95% -'by, weight,, prefer- 
ably about 5 to . 50% 'by weight, of the aluminosilicate- in : 
the ifinal composite. : 

The. aluminosilicate -siliceous gel compositions can be : 
prepared by ; several methods wherein the aluminosilicate 
is combined with silica .while the latter is in a hydrous 
state, such: as » in the. form of a hydrosol, hydrogel, wet. 
gelatinous precipitate or a mixture thereof.: Thus, silica 
gel formed by hy.drolyzing a basic solution of alkali me tal : 
silicate with -an acid such as hydrochloric, sulfuric, etc., 
can be mixed directly with: finely divided, aluminosilicate 
having a = particle size : less than 40 microns, • preferably 
within the. range of 2 to 7 microns. The mixing, of the 
two components can be accomplished in any desired man- 
ner, suchias in a ball mill or other types of kneading mills. 
Similarly, the aluminosilicate may be dispersed, in a hy- 
drosol obtained by reacting , an alkali metal silicate with 
an acid or an alkaline coagulant. The hydrosol is then 
permitted to set in mass.to a hydrogel which is .thereafter 
dried and broken into pieces of . desired shape,: or dis- 
persed through a nozzle into, a bath of oil or other water- 
immiscible suspending medium to obtain . spheroidaliy 
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shaped "bead" particles of catalyst. The aluminosilicate 
siliceous gel thus obtained is washed free of soluble salts 
and thereafter dried and /or calcined as desired. 

The siliceous gel matrix may also consist of a plural 
gel comprising a predominant amount of silica with one 5 
or more metals or oxides thereof. The preparation of- 
plural gels is well known and generally involves either 
separate precipitation or coprecipitation techniques in 
which a suitable salt of the metal oxide is added to an 
alkali metal silicate and an acid or base, as required* is 10 
added to precipitate the corresponding oxides. The silica, 
content of the siliceous gel matrix contemplated herein 
is generally with the range of 55 to 100 weight percent 
with the metal oxide content ranging from zero to 45 per- 
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lions within the present invention may be carried out at 
temperatures from about 50 to 300° C. and at atmospheric 
or elevated pressures.. 

The following examples are illustrative of the general 
process of the present invention : . 

Example 1 

In a three-necked one-liter flask there is placed 400. ml. 
of vinyl acetate, 200 grams of stearic acid and 20 grams 
of rare earth exchanged hydrogen 13X molecular' sieve. 
The flask is fitted with an efficient condenser, thermometer 
and stirring device. The stirred mixture is then heated 
at reflux for six hours. The hot solution is filtered to re- 
move catalyst and then stripped of volatiles (acetic acid 



-.^.^ zero 10 43 per- *** u*wx omppcu %jl vuiaiucs ^aceuc acic 

cent. Minor amounts of promoters or other materials 15 and y ' lh Yl acetate) by distillation at 100° C. under 1 mm. 

which may be present in the composition include cerium, vacuum. The residual crude vinyl stearate weighs 220 

chromium, cobalt, tungsten, uranium, platinum, lead, zinc,' grams and has an iodine number of 80. 

calcium, magnesium, lithium, silver, nickel and their' com- Examvle 2 

pounds. K 

The aluminosilicate catalyst may also be incorporated 20 of^drn^v °£ atC and 3 ° PaTtS 

an alumina gel matrix convenienUv nreoared ° f * crystalline aluminosilicate 



in an alumina gel matrix conveniently prepared by adding 
ammonium hydroxide, ammonium carbonate, etc. to a 
salt of aluminum, such as aluminum chloride, aluminum 
sulfate, aluminum nitrate, etc., in an amount to form alu- 
minum hydroxide, which, upon drying, is converted to 
alumina. The amminosilicate catalyst can be mixed with 
the dried alumina or combined while the alumina is in 
the form of a hydrosol, hydrogel or wet gelatinous pre- 
cipitate. 



(Si0 2 /Al 2 03=5.5) 
are . placed in a 1 -liter four-necked flask fitted with a 
mercury-sealed stirrer, thermometer, dropping funnel and 
25 a Vigreaux cohimn leading to a take-off condenser. The 
mixture is heated to 90 c C. and 75 parts of triacetin is 
added in 30 minutes. Methyl acetate distils out of the 
reactants through the Vigreaux column. After. 3 hours 
about 72 parts of methyl acetate is collected indicating 



anout /z parts ot metnyl acetate is collected indicating 
While, as aforestated, the ester exchange reactions of. 30 nearly complete reaction. The saponification number of 
e present invention mav be carried mif. n^'no o »raoc the residue is 20(1 



the present invention may be carried out using a great 
variety of solid porous crystalline aluminosilicate zeolites 
as catalytic materials, most effective results are obtained 

through the . use of acidic zeolites such as the rare earth aimetnyiterepntnalate and 50 grams of ethylene glycol 

exchanged 13X, the hydrogen Y and the. calcium ex- 35 are placed ^ ^ t0gether ^ the amount of catalyst 

cnangea 10.X molecular sieves. Also extremely **fiWti"v<» inHiV»t*»r? tt,„ -*t_ _ ... 



the residue is 200. 

Examples 3—5 
In the experiments recorded in Table I, 50 grams of 
dimethylterephthalate and 50 grams of ethylene glycol 
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changed 10X molecular sieves. "Also extremely effective 
are the high Si0 2 /Al 2 0 3 molar ratio Y type molecular 
sieves (i.e., above about 5:1), particularly those of the 
acid, rare earth exchanged or calcium exchanged variety 



ioic c«nui cAcnangeu or caicium excnanged variety. C. Seating is continued 1-2 hours during which time 
For maximum effectiveness in carrying out the ester 40 methanol is evolved and collected and the pot tempera- 
change, reactions Of the Dresent invention th* rrvctnl. tnrp tt«!*»q fmrr, 1 K(\ oif\° Tn,~ ♦„ . ♦ • 



indicated in the table. The flask is fitted with a Vigreaux 
column take-off to a receiver to collect methanol formed 
during, the reaction. Evolution of methanol begins at 150° 
C. Heating is continued 1—2 hours during which time 
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exchange, reactions of the present invention, the crystal- 
line aluminosilicate used as a catalyst should have pores 
or channels of a size such that the reactants will pass into 
such pores or channels and the reaction product will be 
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ture rises from 150 to 220° C. The temperature . is then 
raised to 270° C and vacuum (1 mm.) is applied. The 
polymer formed thusly is analyzed for degree of polym- 
erization using a capillary viscometer. 

TABLE 1 



Experiment 


Catalyst, Wt. Percent 


Hours, Polym- 
erization 
Time 


Relative 
Viscosity 1 


3 


Rare Earth Hydrogen X. 5% 


3 
5 


28 


4„__ 






Rare Earth Hydrogen X, 10% 


3 


38 
33 







*X lT Mty »? fa s° lu «o n ofl l 8- of polymer in 100 cc. of mixed solvent consisting ot 7 parts 
of trichlorophenol and ten parts of phenol and then relating the viscosity of this polymer 
solution to the viscosity of the mixed solvent according to the formula- p ^ 
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removable therefrom. Quite obviously, the particular pore 
size which is desirable will vary depending upon the par- 
ticular starting materials utilized and the products to be go 
formed as a result of the reaction. In general, however, it 
can be stated that the most desirable crystalline alumino- 
silicates for use in the instant process are those having a 
pore size of at least about 5 Angstrom units, though such 
pore size, could be smaller if the starting materials and re- 
action products are not too highly substituted. Highly de- 
sirable results are obtained with pore sizes of about 5-15 
A. with -pore sizes of about 6-13 A. being particularly 
preferred. 

The reaction conditions under which the esterifkation 
reactions of the present invention may be carried out will 
necessarily vary depending upon whether the reaction is 
of the trans-esterification, alcoholysis or acidolysis variety 
and, even within such categories, the nature of the start- 
ing materials. Generally speaking, the esterification reac- 75 



Relative viscosity- Jg£ g the solution 
Example 6 

A mixture of 136 parts of phenylacetate, 136 parts of 
methyl benzoate and 25 parts of rare earth exchanged 
13X molecular sieve are placed in a one liter, three- 
necked flask fitted with a stirrer, thermometer and a Vi- 
greaux column attached to a take-off condenser for re- 
moving volatile . constituents. The mixture is heated to 
100* C. and held at that temperature until all of the 
methyl acetate formed by the reaction has been removed. 
This normally requires about five hours. The residue is 
substantially pure phenylbenzoate and can be recrystal- 
lized from cyclohexane to give high purity product, M.P. 
70 70-71° C. 

Example 7 

Methyl sebacate, 230 parts, 2-ethylhexanole, 260 parts, 
and hydrogen Y molecular sieve, 85 parts, are stirred 
and heated at 140° C. in a flask fitted with a device for 
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emoving methanol as : it is . formed during the reaction. 
Vfter: six hours at :140° C. there is collected 70 ml: of 
aethanol. The product, di-2^ethylhexyl sebacate, weighed. 
10 grams: and could be distilled under vacuum to obtain 
tigh purity ester. 5 
Examples 8—12 

The following: table (Table II) describes several ex- 
)eriments wherein ethylene = diacetate is reacted with 
tlcohols in the presence, of crystalline aluminosilicate. 10 
:atalysts: 
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minosilicate catalyst contains pores of at least about 5 A. 

3. A process as denned in claim 2 = wherein said alu- 
minosOicate catalyst contains pores of about 6 to 13 A. . 

4. A process as . defined . in : ciaim 1 wherein said alu- 
minosilicate . is acidic:. 

5. A process as defined -in claim .4 wherein said ;alu- 
minosilicate. is rare earth, exchanged. 

6. A process .as . defined in claim 1 wherein said alu- 
minosilicate is rare earth exchanged. 

7. A process as defined in . claim 1 wherein said .alu^ 
minosilicate is calcium exchanged, t 



TABLE II 



Example ' 
No.. 


. Moles, 

Ethylene 

Diacetate 


Alcohol 


Crystalline aluminoi 
silicate catalyst 


Temp.; . 
•O. 


Time, 
Hrs. 


Products, moles. 


Alkyl- 
Acetate 


Glycol : 
Mono- 
Acetate » 


Kind 


Moles. 


Band 


Wt. Pcr- 
. cent 




1 
1 
1 
1 
1 


Ethyl-. J 

do.;— 

Isopropyl. 

Ethyl 

n-bufcyl--- 


2 
1 
1 
1 
1 






88 > 
90 ■; 
go ■ 

- 90 
100 


. ! 18 
5 
5 
5 
5 


Trace 
0.8 
0.3 
0.8 
0.8 


Trace 
0.9 
0.5 
0.9 
0.3 




REHX 
REHX... 


5 
5 


.0 


1_ — 

3. 
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Sxamgle 1^ . ^ &bbreviation tor the hy drogen Y .crystalline alumlnosiUcata used in Example 2.. 



In - the foregoing portion of the, specification, a novel 
process for 1 conducting an., ester exchange reaction - by 
means of- crystalline aluminosilicate catalysts has been 
jet. forth. It is to be understood, however, that the practice 
of the present invention, is also applicable to isomorphs 
of said crystalline aluniinosilicates. For . example, the 
aluminum may be. replaced by elements: such, as gallium 
and silicon by elements such as . germanium. 

It is to be understood that the above description • is 
merely illustrative of preferred embodiments of the in- 
vention^ of which many variations may be. made within 
the scope of the following claims by those skilled in the 
art without departing from the spirit thereof . 

What is claimed is: 

1. In: a process of conducting an ester interchange re-; 
action between an ester of a carboxylic acid and a com-, 
pounds selected from the group consisting of carboxylic 
"acids, alcohols and esters of carboxylic _ acids, the imr. 
provement which comprises carrying out said, ester inter- 
change in the presence of a solid porous crystalline alu-. 
minosilicate zeolite . catalyst. 

2., A: process as ^defined in . claim 1 wherein said alu- 
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8. A : process as defined, in claim 1 wherein the 
Si0 2 /AlaOb: molar ratio of said aluminosilicate is at least 
about .5:1 and. said . aluminosilicate is faujasitie - in its. 
crystal structure. 

9. In a process of conducting an ester interchange re-. 
. action .between an ester of a carboxylic acid and a com-. 

pound: selected , from the group ■. consisting ;of carboxylic. 
acids, .alcohols and esters of carboxylic acids, = the im-. 
provement which comprises carrying out said ester inter- » 
change in the presence of a catalyst selected from the. 
group consisting of solid- porous crystalline alumino- 
silicate zeolites and isomorphs thereof.: 
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